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PATENT 

ATTORNEY DOCKET NO: 0Q398/1Q0001 
NES-1 POLYPEPTIDES, DNA, AND RELATED MOLECULES AND METHODS 

" Background of the Invention 
This invention relates to cancer diagnostics and 
therapeutics • 

Carcinomas, the malignant tumors arising from 
epithelial cells, constitute the majority of human cancers* 
In nearly all cases , the precise etiology of epithelial 
cancers is unknown, but multiple etiological agents, 
including radiation, viruses, carcinogens, and dietary 
factors (Farter, Cancer Res, 44:4217-4223, 1984), are 
thought to alter common cellular pathways resulting in 
uncontrolled growth, a hallmark of the tumor igenic process ♦ 

The carcinogenic potential of radiation in humans 
was realized within the first decade after the discovery of 
X-rays by Roentgen in 1895 (Hall, £adiojbioiogry for the 
Radiologist , 3d ed. , J.B. Lippincott, Philadelphia, 1988) , 
and this was confirmed in later years through epidemiologic 
studies of the survivors of atomic bombing of Hiroshima and 
Nagasaki (Tokunaga et al. , Rad. Res. 138:209-223, 1994). 
These data provided evidence that various forms of 
neoplasia, including breast cancer, represent a significant 
late effect in human populations exposed to ionizing 
radiation. Strong evidence for the role of fractionated 
radiation in breast cancer was also provided by studies on 
women who received radiation for treatment of breast cancer 
or pulmonary tuberculosis (Boice et al., New Eng. J. Med. 
326:781-735, 1992; Boice et al. , Radiat. Res. 125:214-222, 
1991). As a result of these types of studies, the Bier 
Committees ranked female breast tissue as having a high 
relative sensitivity to radiation-induced oncogenesis (Beir, 
Report In: Health Effects of Exposure to Low Levels of 



Ionizing Radiation. National Research Council, pp. 1-421, 
1990) . 

Currently, breasr carcinomas are one of the leading 
causes of cancerr^elated deaths of women in North America 
5 and Europe* Abour 130,000 new cases of breast cancer are 
diagnosed every year in the United states, and it is 
..estimated that one out of every eight women will develop 
breast cancer during her lifetime. 

Summary of the Invention 
10 In general, the invention features a substantially 

pure preparation of NES1 polypepride. Preferably, the NES1 
!Zj polypeptide includes an amino acid sequence substantially 

p identical to the amino acid sequence shown in Fig. 10 (SEQ 

ID NO: i); and is derived from a mammal, for example, a 



fii 

15 human 



H 5 



In related aspects, the invention features purified 
DNA (for example, cDNA) which includes a sequence (for 
example, a NES1 DNA sequence substantially identical to the 
sequence shown in Fig. 11; SEQ ID NO: 2) encoding a NES1 

20 polypeptide (for example, a human NES1 polypeptide having a 
sequence substantially identical to the sequence shown in 
Fig. 10; SEQ ID NO: 1); a vector and a cell, each of which 
includes a purified NES1 DNA of the invention; and a method 
of producing a recombinant NES1 polypeptide involving 

25 providing a cell transformed with DNA encoding a NES1 

polypeptide positioned for expression in the cell, culturing 
the transformed cell under conditions for expressing the 
DNA, and isolating the recombinant NES1 polypeptide. The 
invention further features recombinant NES1 polypeptide 

30 produced by such expression of a purified DNA of the 

invention, and substantially pure antibody that specifically 
recognizes and binds a NES1 polypeptide. 
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In addition, the invention features a method of 
diagnosing a mammai for the presence of a malignancy or an 
increased likelihood of developing a malignancy. The method 
involves measuring NES1 gene expression in a sample from the 
5 mammal , with a decrease in NES1 expression relative to a 
wild-type sample being an indication that the mammal has a 
. .malignancy or has an increased likelihood of developing a 
malignancy. 

In preferred embodiments, the malignancy is a 

10 carcinoma; the sample includes an epithelial cell or a cell 
of epithelial origin; the sample includes a breast tissue 
cell; the sample includes a cervical tissue cell; the sample 
includes a prostate tissue cell; NES1 gene expression is 
measured by assaying the amount of NES1 polypeptide in the 

15 sample (for example, by immunological methods) ; and NES1 
gene expression is measured by assaying the amount of NES1 
mRNA in the sample (for example, by hybridization techniques 
using a NESl-specif ic nucleic acid sequence) . 

Kits for carrying out the above methods are also 

20 included in the invention. Such kits preferably include a 
substantially pure antibody that specifically recognizes and 
binds a NES1 polypeptide, and may also include means for 
detecting and quantitating antibody binding. Alternatively, 
the kit may include all or a fragment of a NES1 nucleic acid 

25 sequence useful for hybridization purposes, and may also 
include means for detecting and quantitating NES1 RNA 
hybridization. 

In yet another related aspect, the invention 
features a method of diagnosing a mammal for the presence of 

3 0 a malignancy or an increased likelihood of developing a 
malignancy , involving isolating a sample of nucleic acid 
from the mammal and determining whether the nucleic acid 
includes a mutated NES1 gene, a NES1 mutation being an 
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indication that the mammal has a malignancy or has an 
increased likelihood of developing a malignancy. 

In preferred embodiments , the malignancy is a 
carcinoma; the nucleic acid sample is isolated from an 
epithelial cell or a ceil of epithelial origin; the 
epithelial cell is a breast tissue cell; the epithelial cell 
-Ts 'a cervical tissue cell; and the epithelial cell is a 
prostate tissue cell. 

Kits for carrying out this method are also included 
in the invention- Such kits preferably include a wild-type 
NES1 nucleic acid sequence (for comparison with the sequence 
isolated from the mammal to be diagnosed) and may also 
include means for detecting a mismatch between the wild-type 
and sample NES1 sequences. 

In yet another related aspect, the invention 
features a method of diagnosing a mammal for the presence of 
a malignancy or an increased likelihood of developing a 
malignancy, involving measuring NES1 protease activity in a 
sample from the mammal, a decrease in the NES1 protease 
activity relative to a wild-type sample being an indication 
that the mammal has a malignancy or has an increased 
likelihood of developing a malignancy. 

In preferred embodiments, the malignancy is a 
carcinoma; the sample includes an epithelial cell or a cell 
of epithelial origin; the sample includes a breast tissue 
cell; the sample includes a cervical tissue cell; and the 
sample includes a prostate tissue cell. 

Kits for carrying out this method are also included 
in the invention. Such a kit includes a substantially pure 
wild-type NES1 polypeptide (for example, a NES1 polypeptide 
including an amino acid sequence substantially identical to 
the amino acid sequence shown in Fig. 10; SEQ ID NO: 1)), 
and may also include means for measuring protease activity. 



Moreover, the invention features a method of 
treating a mammal with a NESl-associated malignancy, 
involving administering ro the mammal a transgene encoding a 
NES1 polypeptides 

In preferred embodiments , the transgene encodes a 
NESl polypeptide including an amino acid sequence 
substantially identical to the amino acid sequence shown in 
Fig. 10 (SEQ ID NO: l) ; the transgene is administered to the 
mammal at the site of the malignancy; the transgene is 
included in a viral vector (for example, a retrovirus, 
adenovirus, or adena-associated virus vector) ; and the 
malignancy is a carcinoma (for example, a breast carcinoma, 
cervical carcinoma, or prostate carcinoma) . 

The invention also features a method of treating a 
mammal with a NESl-associated malignancy (for example, a 
carcinoma) , involving administering to the mammal a NES1 
polypeptide in an amount sufficient to inhibit growth of the 
malignancy , and further features a therapeutic composition 
having as an active ingredient a NES1 polypeptide, 
formulated in a physiologically-acceptable carrier. 

In two other related aspects, the invention features 
methods of identifying NESl modulatory compounds. The first 
method involves the identification cf modulatory compounds 
that are capable of increasing the expression of a NESl 
gene, involving (a) providing a cell expressing the NESl 
gene; and (b) contacting the cell with a candidate compound f 
an increase in NESl expression following contact with the 
candidate compound identifying a modulatory compound. The 
second method involves the identification of modulatory 
compounds which are capable of increasing NESl protease 
activity, involving (a) providing a cell expressing the NESl 
protease; and (b) contacting the cell with a candidate 
compound, an increase in NESl protease activity following 



contact with the candidate compound identifying a modulatory 
compound. 

In preferred embodiments of both methods, the NES1 
gene encodes or the NES1 protease includes an amino acid 
sequence that is substantially identical to the amino acid 
sequence shown in Fig. 10 (SEQ ID NO: 1) ; the candidate 
"compound is chosen from a tumor promoter, a differentiation 
agent f or a cytokine; the candidate compound is chosen from 
compounds known to act through a protein kinase C signal 
transduction pathway; and the candidate compound is chosen 
from diacylglycerol, retinoic acid, estradiol, di-butyryl 
cyclic AMP, forskolin, TGFj3 , TNF, or ILL 

In a related aspect, nhe invention features a method 
of treating a mammal with a disease involving decreased 
expression of a NESl-encoding gene, involving administering 
to the patient a modulatory compound (for example, 
identified according to the above methods) in an amount 
effective to reduce the symptoms of the disease in the 
mammal. Preferably, the modulatory compound acts through a 
protein kinase C signal transduction pathway (for example, 
the compound is 4 , 8-phorbol-I2-myristate-l3 -acetate) . 

In a final aspect , the invention features a NES1 
protease. Preferably, the NES1 protease is a serine 
protease; and has an amino acid sequence substantially 
identical to the sequence shown in Fig. 10 (SEQ ID NO: 1) . 
In a related aspect, the invention also features a method of 
cleaving a polypeptide involving contacting the polypeptide 
with a NES1 polypeptide (for example, a NES1 polypeptide 
having an amino acid sequence substantially identical to the 
sequence shown in Fig. 10 (SEQ ID NO: l) ) under conditions 
sufficient for cleavage. 

By "NES1 polypeptide" is meant an amino acid 
sequence which is a cell cycle-regulated serine protease 



whose expression negarively correlates with the presence of 
malignant epithelial cells. Preferably, such a polypeptide 
has an amino acid sequence which is at least 4 5%, preferably 
60%, and most preferably 85% or even 95% identical to 'the 
amino acid sequence of the NES1 protein of Fig. 10 (SEQ ID 
NO: 1) . 

• . By a "substantially idenrical" polypeptide sequence 
is meant an amino acid sequence which differs only by 

conservative amino acid substitutions,, for example, 
substitution of one amino acid for another of the same class 
(e.g., valine for glycine, arginine for lysine, etc.) or by 
one or more non-conservative substitutions, deletions, or 
insertions located at positions of the amino acid sequence 
which do not destroy the function of the polypeptide 
(assayed, e-g., as described herein). 

Preferably, such a sequence is at least 85%, more 
preferably 90%, and most preferably 95% identical at the 
amino acid level to the sequence of Fig. 10 (SEQ ID NO: 1). 
For polypeptides, the length of comparison sequences will 
generally be at least 15 amino acids, preferably at least 20 
amino acids, more preferably at least 25 amino acids, and 
most preferably at least 3 5 amino acids. 

Homology is typically measured using sequence 
analysis software (e.g., Sequence Analysis Software Package 
of the Genetics Computer Group, University of Wisconsin 
Biotechnology Center, 1710 University Avenue, Madison, Wl 
53705) . Such software matches similar sequences by 
assigning degrees of homology to various substitutions, 
deletions, substitutions, and other modifications, 
conservative substitutions typically include substitutions 
within the following groups: glycine, alanine; valine, 
isoleucine, leucine; aspartic acid, glutamic acid, 



asparagine, glutamine; serine, threonine; lysine, arginine; 
and phenylalanine, tyrosine. 

By "protein'' or "polypeptide" is meant any chain of 
amino acids, regardless of lengrh or post-translational 
5 modification (e.g., glycosy lat ion or phosphorylation) . 
~ B Y "substantially pure" is meant a preparation which 

.....is' at least 60% by weight (dry weight) the compound of 
interest, e.g., the NES1 polypeptide or NESl-specif ic 
antibody. Preferably the preparation is at least 75%, more 
10 preferably at least 90%, and most preferably at least 99%, 
by weight the compound of interest. Purity can be measured 
J* by any appropriate merhod, e.g., column chromatography, 

g polyacrylamide gel electrophoresis, or HPLC analysis. 

fU By "purified DNA" is meant DNA that is not 

q 15 immediately contiguous with both of the coding sequences 
||) with which it is immediately contiguous (one on the 5' end 

and one on the 3' end) in the naturally-occurring genome of 
the organism from which it is derived. The term therefore 
fU includes, for example, a recombinant DNA which is 

S 20 incorporated into a vector; into an autonomously replicating 
Q plasmid or virus; or into the genomic DNA of a prokaryote or 

eukaryote, or which exists as a separate molecule (e.g., a 
cDNA or a genomic DNA fragment produced by PCR or 
restriction endonuclease treatment) independent of other 
25 sequences. It also includes a recombinant DNA which is part 
of a hybrid gene encoding additional polypeptide sequence. 

By a "substantially identical" nucleic acid is meant 
a nucleic acid sequence which encodes a polypeptide 
differing only by conservative amino acid substitutions, for 
3 0 example, substitution of one amino acid for another of the 
same class (e.g., valine for glycine, arginine for lysine, 
etc.) or by one or more non-conservative substitutions, 
deletions, or insertions located at positions of the amino 
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acid sequence which do nor destroy the function of the 
polypeptide (assayed, e.g., as described herein). 
Preferably, the encoded sequence is at least 45%, more 
preferably 60% , *ahd most preferably 85% identical at the 
amino acid level to the sequence of Fig. 10 (SEQ ID NO: 1). 
If nucleic acid sequences are compared a "substantially 
..Identical 11 nucleic acid sequence is one which is at least 
85% , more preferably 90% , and most preferably 95% identical 
to the sequence of Fig. 11 (SEQ ID NO: 2) . The length of 
nucleic acid sequence comparison will generally be at least 
50 nucleotides, preferably at least 60 nucleotides, more 
preferably at least 75 nucleotides, and most preferably 110 
nucleotides. Again, homology is typically measured using 
sequence analysis software (e.g., Sequence Analysis Software 
Package of the Genetics Computer Group, University of 
Wisconsin Biotechnology Center, 1710 University Avenue, 
Madison, WI 53705) . 

By "transformed cell" is meant a cell into which (or 
into an ancestor of which) has been introduced, by means of 
recombinant DNA techniques, a DNA molecule encoding (as used 
herein) NES1 protein. 

By "positioned for expression" is meant that the DNA 
molecule is positioned adjacenr to a DNA sequence which 
directs transcription and translation of the sequence (i.e., 
facilitates the production of NES1 protein) . 

By "purified antibody" is meant antibody which is at 
least 60%, by weight, free from the proteins and naturally- 
occurring organic molecules with which it is naturally 
associated. Preferably, the preparation is at least 75%, 
more preferably at least 90%, and most preferably at least 
99%, by weight, antibody. 

By "specifically binds" is meant an antibody which 
recognizes and binds a NES1 polypeptide but which does not 



substantially recognize and bind other molecules in a sample 
(e.g., a biological sample) which naturally includes NES1 
polypeptide. An antibody which "specifically binds" NES1 is 
sufficient to detect a NES1 protein product in such a. 
biological sample using one or more of the standard 
immunological techniques available to those in the art (for 
„ ..example, Western blotting or immunoprecipitation) . 

By "malignancy" is meant any abnormal tissue that 
grows by cellular proliferation more rapidly than normal or 
that continues to grow after growth stimuli cease. Most 
malignancies show partial or complete lack of structural 
organization or funcrional coordination with surrounding 
normal tissue* A malignancy according to the invention is 
generally either locally invasive or metastatic. 

By "relative to a wild-type sample" is meant either 
(a) relative to an equivalent tissue sample from an 
unaffected individual or (b) relative to an unaffected 
sample of similar tissue type from the mammal being 
diagnosed. 

By "carcinoma" is meant any of the various types of 
malignancies derived from epithelial tissues. Carcinomas 
include, without limitation, malignancies arising in breast, 
cervix f prostate, skin, large intestine, lung/ bronchi , 
liver, brain, kidney, ovary, uterus, stomach, esophagus, 
nasopharynx, larynx, or glandular tissues. 

By a "cell of epithelial origin" is meant a cell 
(for example, a malignant cell) that, at some point in its 
life cycle, was an epithelial cell (i.e., a cell of the 
avascular layer that covers the free surface of the body, 
including, without limitation, the cutaneous, mucous, and 
serous layers, all glandular surfaces, and structures 
derived therefrom) . 
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By "immunological methods" is meant any assay 
involving antibody-based detection techniques including, 
without limitation f Western blotting, immunoprecipitation, 
and direct and competitive ELISA and RIA techniques. 

By "means for detecting" is meant any one or a 
series of components that sufficiently indicate a detection 
.event of interest. Such means involve at least one label 
that may be assayed or observed, including, without 
limitation, radioactive, fluorescent, and chemiluminescent 
labels. 

By "NESl RNA" is meant messenger RNA transcribed 
from a NESl DNA sequence. 

By "hybridization techniques 11 is meant any detection 
assay involving specific interactions (based on 
complementarity) between nucleic acid strands, including 
DNA-DNA, RNA-RNA, and DNA-RNA interactions. Such 
hybridization techniques may, if desired, include a PCR 
amplification step. 

By "protease activity" is meant, in this case, NES1- 
mediated cleavage at a specific amino acid sequence. 

By "transgene" is meant a DNA sequence which is 
inserted by artifice into a cell and becomes a part of the 
genome of that cell and its progeny. Such a transgene may 
be partly or entirely heterologous to the cell. 

By a "modulatory compound", as used herein, is meant 
any compound capable of either increasing NESl expression 
(i.e., at the level of transcription, translation, or post- 
translation) or increasing NESl protein activity (i.e., the 
amount of activity, for example, protease activity, per unit 
of NESl protein) . 

By a "tumor promoter" is meant any compound capable 
of promoting the growth of a tumor initiated by another 
agent (i.e., by a tumor initiator). Tumor promoters 
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include, without limitation, any phorbol ester that is 
capable of activating a protein kinase c pathway (for 
example, the compound TP A) . 

By a "differentiation agent" is meant any compound 
which, when added to cells in vitro or introduced into a 
mammal, result in a change in the phenotype of a cell or 
.tissue, including the expression of one or more markers 
indicative of a particular stage in the cell's or tissue's 
life cycle. Differentiation agents include, without 
limitation, retinoic acid and cyclic AMP. 

By a "cytokine" is meant any polypeptide that is 
normally secreted (for example, from a cell of hematopoietic 
origin) and that binds to a cell surface receptor, thereby 
inducing a biochemical or functional activity in that cell. 
Cytokines include, without limitation, interleukin-l , tumor 
necrosis factor, and transforming growth factor j3. 

By a "protein kinase C signal transduction pathway" 
is meant any cellular pathway involving mammalian protein 
kinase C and playing a role in translating extracellular 
signals into changes in gene expression* 

Other features and advantages of the invention will 
be apparent from the following detailed description thereof, 
and from the claims. 

Detailed Description 
The drawings will first, briefly be described. 

Description of the Drawings 
FIG. 1 is a photograph showing a Northern blot 
analysis of NES1 mRNA expression. Total cellular RNA (10 
jig) from various cells (cell type designations indicated in 
parentheses are described in Table 1) was resolved on a 1.5% 
agarose-f ormaldehyde gel, transferred to a nylon membrane, 
and hybridized with a 0.4-kb NES1 probe. Locations of the 



ribosomal RNAs (28S f 4,850 bp; and 1SS, l f 740 bp) are 
indicated. Note the drastic decrease in NES1 mRNA in the 
76R-3 0 cells. 3 6B4 was used as a loading control. 

FIG. 2 is *a photograph showing a Northern blot, 
analysis of NES1 mRNA expression. Total cellular RNA (10 
liq) from various cells (cell type designation indicated in 
parentheses are described in Table l) was resolved on a 1.5% 
agarose-formaldehyde gel, transferred to a nylon membrane , 
and hybridized with a 0.4-kb NES1 probe. Note the drastic 
decrease in NES1 mRNA in 7 5R-3 0 cells and almost complete 
loss in most mammary tumor cell lines. 3 6B4 was used as a 
loading control. 

FIG. 3 is a photograph showing a Northern blot 
analysis of NES1 mRNA expression. Total cellular RNA (10 
jtxg) from various cells (cell type designations indicated in 
parentheses are described in Table 1) was resolved on a 1.5% 
agarose- formaldehyde gel, transferred to a nylon membrane, 
and hybridized with a 0.4-kb NES1 probe. Note the drastic 
decrease in NES1 mRNA in 76R-3 0, and in ras-transf ormed 
immortalized milk epithelial cells. 3 6B4 was used as a 
loading control. 

FIG. 4 is a photograph showing a Southern blot 
analysis of NES1 DNA. Genomic DNA from 7 5N or 76R-3 0 was 
digested with the indicated restriction enzymes, run on a 
1.0% agarose gel, transferred to a nylon membrane, and 
hybridized with a 0.4-kb NES1 probe. Note that both cell 
lines show hybridizing bands of identical size and 
intensity. 

FIG. 5 A and B show a photograph and a graph 
indicating the results of a cell cycle analysis of NES1 mRNA 
expression. In FIG. 5A, 76N cells were synchronized by 
growth factor deprivation (Keyomarsi et al., Cancer Res. 
51:2602-3609, 1991), released from synchrony by the addition 



of regular medium, and analyzed for NES1 mRNA. In FIG, 5B f 
this experiment was repeated, but cell cycle distribution 
was analyzed by propidium iodide FACS analysis (Wazer et 
al. , Mol. cell Biol*. 14:2468-2478, 1994)- Histone 3.2 was 
used as a positive control and 2 5B4 as a loading control. 

FIG. 6 is a photograph indicating the effect of cell 
... density on NESl mRNA expression. Cells were plated at 
either low (2X10 5 ) or high (2X1G 6 ) densities and after 72 
hours analyzed for NESl mRNA as in Fig. 1. Note that there 
is no significanr difference in NESl mRNA expression. 
Elafin, a cell density-dependent gene, was used as a 
positive control and 3 6B4 as a loading control. 

FIG. 7 A and B are photographs showing the effect of 
acute or chronic treatment of y -irradiation on NESl 
expression. In FIG. 7A, logarithmically-growing 7 6N cells 
were exposed to 20 Gy of irradiation and analyzed for mRNA 
expression at the indicated time points. In FIG. 7B f for 
chronic irradiation, cells were treated with fractionated 
radiation (2 Gy/day until 3 0 Gy) and then compared for NESl 
mRNA expression with paired control (untreated) cells. 76N 
and 76R-3 0 are shown for comparison. 3 6B4 was used as a 
loading control. 

FIG. 8 is a photograph showing the effect of PMA on 
NESl expression. Growing 76N cells were treated with 50 
ng/ml (lane 1) or 100 ng/ml (lane 2) of PMA for 6 hours and 
then analyzed for NESl mRNA expression. Note a significant 
increase in the levels of NESl mRNA in PMA-treated samples. 

FIG. 9 A and B are charts showing sequence 
comparisons . 

FIG. 10 is the amino acid sequence (SEQ ID NO: 1) 
encoded by a NESl cDNA. 

FIG. 11 is the nucleic acid sequence (SEQ ID NO: 2) 
of a NESl cDNA. 



There now follows a detailed description of the 
cloning and characterization of the NESl cDNA and expression 
product. A radiation-transformed human mammary epithelial 
cell (MEC) line f * 76R-3 0, was established by exposing a 
5 normal MEC strain , 7 6N, to fractionated y- irradiation. 

76R-30 cells showed an early and complete loss of expression 
. „ w pf * a well characterized tumor suppressor gene product p53. 
Thus f 76N and 76R-3Q represented a pair of isogenic cells 
providing a unique system to isolate novel genes that are 
10 involved in radiation- induced MEC transformation. 

Subtractive hybridization between 7 6N and 7 6R-3 0 cells led 
to the isolation of the novel NESl gene f whose mRNA 
expression was dramatically decreased in 76R-3 0 cells. 
Significantly , NESl mRNA was reduced by exposure of several 
15 MECs to fractionated y-irradiation. NESl mRNA was either 
absent or drastically reduced in a majority of established 
breast cancer cell lines and markedly reduced when an 
immortal non-tumorigenic cell line was rendered tumorigenic 
by activated H-ras transf ection. Furthermore, treatment of 
20 MECs with a phorbol ester, PMA, led to a significant 
0 increase in NESl mRNA. Finally, the expression of NESl mRNA 

was found to be cell cycle regulated. Sequencing of a NESl 
cDNA clone revealed it to be a previously unknown protein 
with significant homology to serine proteases such as 
25 trypsin. Given these characteristics, NESl is highly likely 
to be involved in maintenance of the untransf ormed state of 
mammary epithelial cells and perhaps all epithelial cells. 
Accordingly, NESl provides an unusually useful diagnostic 
marker for detecting carcinomas as well as providing a 
30 genetic construct for gene therapy techniques. 

Transformation of Normal Mammary Epithelial Cell strain 76N 
bv Fractionated Radiation 



Di 
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To produce a transformed mammary epithelial cell 
line, a normal human MEC strain, 7 6N, was exposed to 
fractionated y^irradiation (2 Gy/day) at a clinically used 
dose (30 Gy) , anli-the immorral, morphologically-transformed 
5 cell line f 7 6R-30, was derived. These cells had reduced 

growrh factor requirements and produced tumors in nude mice. 

.. . . rS-ignif icantly, 76R-3Q cells completely lacked the p53 tumor 
suppressor protein. Loss of p53 protein was due to deletion 
of one allele and a 26 bp deletion within the third intron 

10 of the second allele, which resulted in an abnormal splicing 
out of either the third or fourth exon from the mRNA. PCR 

q with a mutation-specific primer showed that the intron 3 

D mutation was present: in irradiated cells before selection 

HI 

for the immortal phenotype. 76R-3Q cells did not exhibit G 1 
IS cell cycle arrest in response to radiation, indicating a 

loss of p53 -mediated function. Expression of the wild-type 
p53 gene in 7 6R-3 0 cells led to growth inhibition. Thus f 
loss of p53 protein appears to have contributed to the 
u neoplastic transformation of these cells (Wazer et al. , Mol. 
H Cell. Biol. 14:2468-2478, 1994). 

n 

U Cloning of the NE51 Gene 

In order to isolate novel genes whose mRNA 
expression was up- or down-regulated during 
radiation- induced transformation of mammary epithelial 

25 cells, subtracted cDNA libraries from 76N (normal) MEC and 
the isogenic, radiation-transformed- derivative 76R-30 were 
made in a ASHlox vector (Novagen, Madison, WI) (Palazzolo et 
al., Gene 88:25-36, 1990). Briefly, poly A* RNA from each 
cell line was used to generate first strand cDNA, and RNA 

30 messages present in both cells were depleted by subtr active 
hybridization (i.e., 76N was subtracted against 7 6R-3 0 and 
vice versa). Between 1.4 and 2.9X10 6 primary recombinants 
were obtained and amplified to yield libraries with a titer 



of i.a to 2.2X1G 10 pfu/ml. A 76NS library (i.e., 76N cDNA 
subtracted against 76R-3 0 RNA) was used for the isolation of 
the NES1 gene. A total of about 40 , 000 phages (2000/150 mm 
dishes) were plated*, and duplicate filters were screened 
with 32 P-labelled cDNA generated by reverse transcription of 
76N and 76R-30 mRNA. Phages that gave higher signals with 
the- 76N compared to the 7 6R-30 cDNA probe were 
plaque-purified by repeated screening at lower density. Cre 
recombinase-mediated site-specific recombination was used to 
obtain cDNA clones of interest in the plasmid form 
(Palazzoio et al., Gene 88:25-36, 1990), Using this 
approach , several cDNAs were isolated that preferentially 
hybridized to a labelled cDNA probe derived from 7 6N 
compared to 76R-3 0 cells. One partial cDNA f termed "NES1" 
(for Normal Epithelial Specif ic-l) , was characterized in 
detail and used to carry out the following experiments. 
Expression of the NES1 Gene in Normal Versus 
Radiation-Transformed Cells 

A NES1 cDNA insert of 400 base pairs was isolated by 
digestion with EcoRI and Kindlll (i.e., the enzymes used for 
cloning), labelled with 32 P by the random-primer method, and 
used as a probe in Northern blots to detect relative mRNA 
expression in 76N and 7 6R-3 0 cells. As shown in Fig. 1, the 
76N normal parent cells expressed abundant levels of a 1.6 
kb mRNA. In contrast, radiation-transformed 76R-30 cells 
showed a dramatically reduced expression of NES1 mRNA* 
Thus, NES1 appears to be down-regulated at the mRNA level 
during radiation-induced transformation of 76N mammary 
cells. 

Expression of NES1 in Normal, Immortalized, and Tumor 
Mammary Cells 

To further explore the expression of NES1 mRNA and 
its relationship to tumor progression, a number of normal 
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MECs, mammary fibroblasts, immortalized MECs , and mammary 
tumor cell lines were analyzed by Northern blot analysis. 
These results are presented in Fig. 2 and summarized in 
Table 1. 



^ ~~ 5 Table 1 

*~ 

- Relative NES1 mRNA Expression 

in Human Mammary Epithelial and Other cells 

Normal mammary epithelial cell strains (NET 
76N 

10 3VN H - H ■> 

0 4VN ++++ 

O 

rij Normal mammary fibroblast: cell strains CNFT 

M 76NF 

I! 4VNF 

Q3 15 6VNF + a 

■ 7VNF 

Foreskin fibroblast cell strain 

l! FS ~ 2 

?Si Immortalized mammary epithelial cell lines 

M> 20 HPV-16 E6 or E7- immortalized cells from mammoolasties [NT] 

76E6 -H-H- 

7VNE6 

39VTE7 

HPV-16 E6/E7- immortalized milk-derived cells rMIl 
25 M2E6E7 +++ 

M3E6E7 
Other immortal cells 

HBL-100 (transformed milk cells from ATCC) 
Radiation-transformed cells (RT) 
30 76R-30 

Breast tumor cell lines (BT) 
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Estrogen receptor positive 

T-47D 

ZR-75-1 

MCF-7 

5 Estrogen receptor negative 

, 21PT* 
- v ; / 21NT* 

21MT-1* 

10 21MT-2* 

MDA-MB-13 4 

MDA-MB-157 
S MDA-MB-175 
ill MDA-MB-231 
£j 15 MDA-MB-3 61 

CP MDA-MB-415 
W MDA-MB-435 
Li MDA-MB-4 36 

MDA-MB-453 
«~s 20 MDA-MB-468 

r! -is? 

O HS578T 
H BT-474 

BT-483 

BT-549 
25 ZR-75-30 

SK-BR-3 

Cervical carcinom a cell Unes f(m 
Siha — — 




-/+ 

(upon longer exposure) 

+++ 



- 19 



HeLa 
Caski 



These ceil lines were derived from a single 
patient with breasr cancer (Band et al. , Cancer Res* 
50:7351-7357, 1990). 

a Due to epithelial cell contamination. 

All normal and immortalized epithelial cells 
expressed high levels of NES1 mRNA, whereas all fibroblast 
cells failed to express it. Notably, all HPV-16 E6 or 
E7-immorralized mammary epithelial cells expressed NES1 mRNA 
levels comparable to normal MECs. Remarkably, however, a 
drastic decrease or complete loss of NES1 message was 
observed in all breast cancer cell lines examined, except 
for four lines (21PT, 2 INT, 21MT-1, and 21MT-2) derived from 
a single patient (Figs. 2, 7B, and 6) (Band et al. , Cancer 
Res. 50:7351-7357, 1990). In addition, two out of three 
randomly selected cervical carcinoma cell lines showed no 
expression of the NES1 gene. Thus, NES1 mRNA expression 
appears to be down-regulated during tumorigenic progression 
and not by mere immortalization of mammary cells. 
Expression of NES1 in Ras-Transf ormed Cells 

To further address the down-regulation of NES1 
expression during tumorigenic transformation, the HPV-16 
E6+E7 -immortalized milk-derived MEC line (M3E6E7) was 
compared with its isogenic activated-ras-transf ected 
tumorigenic derivative (M3E6E7-ras) . Both cells were grown 
under identical conditions. The ras-transf ected cells 
showed a dramatic reduction in NES1 expression as compared 
to the non-tumorigenic immortal parent cell (Fig. 3). This 
result confirms the down-regulation of NES1 expression 
during tumor progression. 
Southern Blot Analysis of the NES1 Gene 



In order to determine if the decrease or loss of 
NES1 mRNA expression in oncogenically-transf orated cells was 
due to deletion or rearrangement of the gene f Southern blot 
analyses of BanXl/ Bglll, EcoRI f or Pvul I -digested genomic 
□NA isolated from 7 6N or 75R-3 0 were performed. As shown in 
Fig. 4, both cells showed identical hybridizing bands of 
;equal intensity. Similarly, two other NES1 mRNA-negative 
cell lines MDA-MB-231 and MDA-MB-463 showed identical bands. 
Therefore, loss of NES1 mRNA expression does not appear to 
be due to any major deletion or rearrangement of the gene. 
However , this analysis does not exclude the presence of more 
subtle mutations that may lead to loss of expression. 
Cell Cycle-Regulated Expression of the MES1 Gene 

Down-regulation of NES1 expression during 
tumorigenic transformation suggested that the gene may be 
regulated during the cell cycle. To assess this, we 
synchronized 76N normal MECs by growth factor deprivation 
and released them from synchrony by adding complete medium, 
using standard techniques (Keyomarsi et al. , Cancer Res. 
51:3602-3609, 1991). At various time points, cells were 
analyzed for DNA content (to determine cell cycle 
distribution) , and another aliquot was used for mRNA 
isolation to analyze the expression of the NES1 gene. As 
shown in Fig. 5, a higher expression of NES1 was observed in 
cells arrested at G 0 /G lf and the expression decreased 
substantially as cells progressed toward late S phase and 
G2. In contrast, hist one mRNA expression was essentially 
absent in arrested cells and highest at S phase, as expected 
(Gudas et al., Cell Growth & Diff. 5:295-304, 1994). These 
results indicated that expression of NES1 mRNA is cell 
cycle-regulated . 

Cell Densitv-Reaulated Expression of the MES1 Gene 



In view of the higher NES1 mRNA expression in the 
G o/ G i Phase of the cell cycle, MES1 expression in relation 
to cell density was also analyzed. Four different cell 
lines that had shown either high (76N, 21PT) , low (76R-3G) , 
or no (MCF-7) expression of the NES1 gene (Table 1) were 
selected, and the cells plated at low (2X10 5 ) or high 
;(2X10 6 ) cell densities. After 72 hours, cells were 
harvested , and equal amounts of RNA were examined by 
Northern blotting. As shown in Fig. 6, no change in the 
expression of NES1 mRNA was observed between paired samples 
of cells grown at different cell densities. Notably, 76R-3G 
or MCF-7 cells did nor express NES1 mRNA even at higher cell 
densities. Hybridizarion of the same blot with elafin 
(whose expression is density-dependent) showed a significant 
increase in cells grown at higher cell density (Fig. 6) . 
The MCF-7 cell line lacked the expression of elafin mRNA. 
Effect of Acute or Chronic v-Irradiation on NES1 Expression 

Identification of NES1 was based on down-regulation 
of its expression in radiation-transformed 7 5R-3 0 cells as 
compared to 76N normal parent cells- To determine if NES1 
down-regulation was a direct consequence of 
radiation-induced biochemical alterations, the effect of 
acute or chronic y-irradiation on NES1 expression in MECs 
that were not grown in selection media was examined. Acute 
y-irradiation (single dose of 2 0 Gy) did not significantly 
alter NES1 mRNA expression in 7 6N ceils examined at early 
time points (i.e., from 5 minutes to 8 hours) (Fig. 7 A) . 
However, a reproducible decrease in NES1 mRNA was observed 
at 24 hours after y-irradiation. 

To assess the effect of chronic y-irradiation f mRNA 
expression was examined in mammary epithelial cells that 
were either untreated or exposed to fractionated doses of 
Y-irradiation (2 Gy/day for a total of 30 Gy) , similar to 
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the doses used to derive the 7SR-3 0 cells. 30 Gy 
irradiation of three independent cell lines , 2 INT (a primary 
breast tumor cell line) , 21MT-2 (a breast metastatic tumor 
cell line), and V5E6 (E6-immortalized 76N ceils), showed 
significant decreases in NES1 mRNA compared to paired 
untreated control cells (Fig. 7B) • Thus, NES1 expression is 
■uniquely down-regulated by chronic exposure to 
y-irradiation. 

Effect of PMA Tre atment on NES1 Expression 

To determine the biochemical pathways that regulate 
NES1 expression, the effect of the phorbol ester, 
4 , 8-phorbol-i2-myristate-i3 -acetate (PMA), which is known to 
activate protein kinase C was examined (Band et al. , J. Cell 
Physiol. 138:106-114, 1989) . Exposure of 76N cells to 50 or 
100 ng/ml of PMA for 6 hours resulted in a significant 
increase in NES1 mRNA levels (Fig. 3). Because protein 
kinase C lies in signal transduction pathways downstream 
from a number of growth and differentiation factors, these 
results suggest that NES1 expression may be regulated by 
such stimuli. Accordingly, NES1 expression may be increased 
in response to other protein kinase C stimulators (for 
example, physiological activator diacylglycerol) , 
differentiation agents (for example, retinoic acid, 
estradiol, di-butyryl cyclic AMP, and forskolin) , or 
cytokines (for example, TGT0 , TNF, and IL1) • 
Isolation of a Full-Length NESl-cDNA 

To clone the full-length NES1 cDNA, one of the 
longest cDNA fragments isolated as described above was used 
to provide subfragments near the 5 ' end and as the basis for 
oligonucleotides as further probes to screen the 76N cDNA 
library. The isolated cDNA clones were subjected to double- 
stranded dideoxy nucleotide sequencing by the Sequenase 
method (Wazer et al., Mol. Cell Biol. 14:2468-2478, 1994). 



Additional cDNA clones were obtained by screening a second 
76N cDNA library in the pGADio vector (Clontech, Palo Alto f 
CA) . Several independent cDNA clones were sequenced to 
assure that the"?' extensions did not represent artif actual 
ligations to irrelevant pieces of DNA (as is occasionally 
observed in cDNA libraries) . Through this approach, a full 
■/length cDNA clone corresponding to NESl mRNA was obtained 
and sequenced. The sequence is presented in Fig. 11 (SEQ ID 
NO: 2). 

The 5' boundary of the cDNA is confirmed through the 
technique of primer-extension with specific oligonucleotide 
primers (i.e., primers bearing a sequence near the 5' end of 
the cDNA clone) . In vitro translation of the NESl fragment 
encompassing nucleotides 1-1069 using the In Vitro TNT* 
coupled reticulocyte lysate system (Promega, Madison, wi) 
indicated a translation product of the predicted size (i.e., 
approximately 3 0 kDa) . 
Sequence of the NESl Gene 

To determine the nucleotide sequence of the NESl 
cDNA f double-stranded sequencing was performed initially 
using two primers corresponding to the SP6 promoter 
(5'-CCG-CAG-ATT-TAG-GTG-ACA-C) and the T7 promoter 
(5'-GGC-CTC-TAA-TAC-GAC-TCA-C) . Further full-length cDNA 
sequencing (in both directions) utilized two primers 
corresponding to the vector pGADIO (i.e., the vector used 
for the second 7 6N cDNA library- screen described above) ; 
these primers were of the following sequences: 5'-TAOCAC- 
TAC-AAT-GGA-TG-3 ' (upstream primer) and 5 ' -GTT-GAA-GTG-AAC- 
TTG-CGG-GC-3 ' (downstream primer), as well as 12 NESl sense 
primers (corresponding to nucleotides 6-22 f 72-9 1 , 128-145, 
196-213 f 344-360, 484-500, 634-650, 723-739 f 351-867, 998- 
1116, 1125-1141, and 1253-1269) and 10 NESl antisense 
primers (corresponding to nucleotides 1392-1377, 1294-1277, 
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1201-1185, 1086-1069, 917-899 f 307-739, 674-657, 516-488, 
292-275 f and 176-161). Comparison of the cDNA sequence to 
the GENBANK database revealed no exact match, indicating 
that NES1 was a novel gene. The nucleotide sequence 
revealed an open reading frame of 277 amino acids followed 
by a stop codon (Fig. 11; SEQ ID NO: 2), A polyadenylation 
••signal (ATATAA) was observed near the 3' end of the cDNA, 
indicating that this represents the 3 ' untranslated region. 

Database comparison revealed NES1 to be highly 
homologous to members of the serine protease family at both 
the nucleotide (including the 3 ' -untranslated sequences) and 
amino acid levels (Table 2 and Fig. 9B) . 

Table 2 

Amino Acid Homology of NES1 to Serine Proteases 



Serine Protease % Similarity % Identity 



Human brain trypsinogen iVb 


58 


36 


Human pancreatic trypsinogen III 


60 


37 


Dog pancreatic trypsinogen 


61 


42 


Mouse preprotrypsin 


63 


42 


Rat preprotrypsinogen IV 


59 


39 


Xenopus pancreatic trypsin 


59 


40 


Salmon salar trypsin II 


61 


41 


Mouse nerve growth factor 


57 


36 


Human hepatocyte growth factor - 


53 


34 



In this table, % similarity indicates identical residues 
plus conservative substitutions. 

Among the examples shown, 34-42% identity and 53-63% 
similarity (including conservative substitutions) to 
different serine proteases was observed. In addition, all 
important residues were conserved (Table 2 and Fig. 9B) . In 
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particular NES1 bears a conserved SDSGG sequence around the 
serine in the active site and other residues critical for 
substrate binding and specificity (Fig. 9 A and B) . This 
sequence information indicates NES1 is a novel serine 
5 protease, 

NES1 Protein Expression 

In general, NES1 proteins according to the invention 
may be produced by transformation of a suitable host cell 
with all or part of a NESl-encoding cDNA fragment (e.g., the 
10 cDNA described above) in a suitable expression vehicle. 

Those skilled in the field of molecular biology will 
understand that any of a wide variety of expression systems 
may be used to provide the recombinant protein. The precise 
m host cell used is not critical to the invention. The NES1 



H 15 protein may be produced in a prokaryotic host (e.g,, E^, 
Sj coli l or in a eukaryotic host (e.g., Saccharomyces 

cerevisiae f insect cells, e.g., Sf21 cells, or mammalian 
cells, e.g., COS 1, NIH 3T3 , or HeLa cells). Such cells are 
available from a wide range of sources (e.g., the American 
20 Type Culture Collection, Rockland, MD; also f see, e.g., 

Ausubel et al. , Current Protocols in Molecular Biology , John 
Wiley & Sons, New York, 1994) . The method of transformation 
or transfection and the choice of expression vehicle will 
depend on the host system selected. Transformation and 
25 transfection methods are described, e.g., in Ausubel et al. 
( supra ) ; expression vehicles maybe chosen from those 
provided, e.g., in Cloning Vectors: A Laboratory Manual 
(P.H. Pouwels et al., 1985, Supp. 1987). 

One preferred expression system is the baculovirus 
30 system (using, for example, the vector pBacPAK9) available 
from Clontech (Pal Alto, CA) . If desired, this system may 
be used in conjunction with other protein expression 
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techniques, for example, the myc tag approach described by 
Evan et al. (Mol. Cell Biol. 5:3610-3616, 1985). 

Alternatively, a NESl protein is produced by a 
stably-transf ectea mammalian cell line, A number of vectors 
suitable for stable rransf ecrion of mammalian cells are 
available to the public, e.g., see Pouwels et al. ( supra ) : 
.methods for constructing such cell lines are also publicly 
available, e.g., in Ausubel et al. ( supra ) . In one example, 
cDNA encoding the NESl protein is cloned into an expression 
vector which includes the dihydrof olate reductase (DHFR) 
gene. Integration of the plasmid and, therefore, the NESl 
protein-encoding gene into the host call chromosome is 
selected for by inclusion of 0.01-300 fxU methotrexate in the 
cell culture medium (as described in Ausubel et al., supra ) . 
This dominant selection can be accomplished in most cell 
types. Recombinant protein expression can be increased by 
DHFR-mediated amplification of the transfected gene. 
Methods for selecting cell lines bearing gene amplifications 
are described in Ausubel et al. ( supra ) ; such methods 
generally involve extended culture in medium containing 
gradually increasing levels of methotrexate. 
DHFR-containing expression vectors commonly used for this 
purpose include pCVSEII-DHFR and pAdD2 6SV(A) (described in 
Ausubel et al. , supra ) , Any of the host cells described 
above or, preferably, a DHFR-def icient CHO cell line (e.g., 
CHO DHFR* cells, ATCC Accession- No. CRL 9096) are among the 
host cells preferred for DHFR selection of a stably- 
transfected cell line or DHFR-mediated gene amplification. 

Once the recombinant NESl protein is expressed, it 
is isolated, e.g., using affinity chromatography. In one 
example, an anti-NESl protein antibody (e.g., produced as 
described herein) may be attached to a column and used to 
isolate the NESl protein. Lysis and fractionation of NESl 
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protein-harboring cells prior to affinity chromatography may 
be performed by standard methods (see r e.g., Ausubel et al. f 
supra \ . 

Once isolated, the recombinant protein can f if" 
desired, be further purified, e.g., by high performance 
liquid chromatography ( see , e.g., Fisher , Laboratory 
Techniques In Biochemistry And Molecular Biology, eds. , Work 
and Burdon, Elsevier, 1980) . 

Polypeptides of the invention, particularly short 
NES1 protein fragments, can also be produced by chemical 
synthesis (e.g., by the methods described in Solid Phase 
Peptide Synthesis , 2nd ed. , 1984 The Pierce Chemical Co. f 
Rockford, IL) . 

These general techniques of polypeptide expression 
and purification can also be used to produce and isolate 
useful NES1 fragments or analogs (described herein) . 
Aftti-NESl Antibodies 

To generate NESl-specif ic antibodies , a NES1 coding 
sequence (i.e., amino acids 130-276) was expressed as a 
C-terminal fusion with glutathione S-transf erase (GST) 
(Smith et al., Gene 67:31-40, 1988). The fusion protein 
(which was shown to be of the predicted size) was purified 
on glutathione-Sepharose beads, eluted with glutathione 
cleaved with thrombin (at the engineered cleavage site) , and 
purified to the degree necessary for immunization of 
rabbits. Primary immunizations -are carried out with 
Freund's complete adjuvant and subsequent immunizations with 
Freund's incomplete adjuvant. Antibody titres are monitored 
by Western blot and immunoprecipitation analyses using the 
thromb in-cleaved NES1 protein fragment of the GST-NES1 
fusion protein. Immune sera are affinity purified using 
CNBr-Sepharose-coupled NES1 protein. Antiserum specificity 
is determined using a panel of unrelated GST proteins 
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(including GSTp53, Rb, HPV-16 E6 f and ES-AP) and GST-trypsin 
(which was generated by PCR using known sequences) . 

As an alternate or adjunct immunogen to GST fusion 
proteins, peptides corresponding to relatively unique ' 
hydrophilic regions of NES1 may be generated and coupled to 
keyhole limpet hemocyanin (KLH) through an introduced 
"(^terminal lysine. Antiserum to each of these peptides is 
similarly affinity purified on peptides conjugared to BSA, 
and specificity tested in ELISA and Western blots using 
peptide conjugates, and by Western blot and 
immunoprecipitation using NES1 expressed as a GST fusion 
protein. 

Alternatively, monoclonal antibodies may be prepared 
using the NES1 proteins described above and standard 
hybridoma technology (see, e.g., Kohler et al. , Nature 
256:495, 1975; Kohler et al. , Eur. J. Immunol. 6:511, 1976; 
Kohler et al. , Eur. J. Immunol. 6:292, 1976; Hammerling et 
al., In Monoclonal Antibodies and T Cell Hybridomas, 
Elsevier, NY, 1981; Ausubel et al. , supra ) . Once produced, 
monoclonal antibodies are also tested for specific NES1 
recognition by Western blot or immunoprecipitation analysis 
(by the methods described in Ausubel et al. , supra ) . 
Antibodies which specifically recognize NES1 are considered 
to be useful in the invention; such antibodies may be used, 
e.g., in an immunoassay to monitor the level of NES1 
produced by a mammal (for example, to determine the amount 
or subcellular location of NES1) . 

Preferably, antibodies of the invention are produced 
using fragments of the NES1 protein which lie outside highly 
conserved regions and appear likely to be antigenic, by 
criteria such as high frequency of charged residues (for 
example, amino acids 121-137 or amino acids 1-20 of Fig. 10; 
SEQ ID NO: l) . In one specific example, such fragments are 
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generated by standard techniques of PCR and cloned into the 
pGEX expression vector (Ausubel et al. f supra ) . Fusion 
proteins are expressed in E^ coli and purified using a 
glutathione agarose affinity matrix as described in Ausubel 
et al. f supra ) . To attempt to minimize the potential 
problems of low affinity or specificity of antisera f two or 
.three such fusions are generated for each protein, and each 
fusion is injected into at least two rabbits. Antisera are 
raised by injections in a series, preferably including at 
least three booster injections. 

Characterization of the Protease Activity of NES1 

The amino acid sequence predicted by the NES1 cDNA 
shows considerable amino acid homology with trypsin-like 
serine proteases (Pig. 9 A and B) . In particular, the 
region of homology includes all of the amino acids of the 
protease catalytic triad and specificity pocket. 

To directly characterize this protease activity, 
NES1 is expressed as a recombinant protein in bacteria using 
the pETvector (i.e., in which the protein is expressed 
untagged or tagged with gene 10 for further purification) 
(available from Novagen, Madison, WI) or the pGEX2T vector 
(i.e., as a GST fusion protein) (available from Pharmacia, 
Piscataway, NJ) . If bacterially expressed protein is 
insoluble or degraded, a baculovirus expression system in 
Sf9 insect cells is also available (for example, the 
expression vector and cell lines available from InVitrogen, 
San Diego, CA) . In each case, the protein is partially 
purified, for example, by affinity separation (for example, 
using glutathione-Sepharose or anti-gene 10 monoclonal 
antibody) . Alternatively, the NES1 gene is tagged with an 
anti-myc monoclonal antibody (gE10, American Type Culture 
Collection, Rockville, MD) epitope or Histidine Tag (His- 
Tag, InVitrogen, San Diego, CA) , or is purified 



biochemically (e.g., by gel filtration/ ion exchange 
chromatography) . The purified protein is tested for 
biological activity, using immunoprecipitated material from 
76N cells or transfected MECs (see above) as controls in 
parallel experiments. 

Protease activity is assayed based on the standard 
technology employed to determine the protease activity and 
specificity of other serine proteases (Smyth et al., T. 
Biol* Chem. 267:24418-24425, 1992). For example, assays may 
be used that are based on small thiobenzylester peptide 
substrates. Protease activity is detected by reacting the 
thiobenzyi (Bzi) leaving group with 

5, 5'-dithiobis-(2-nitrobenzoic acid) (DTNB) (Sigma f St. 
Louis, MO) (detected at O.D. 410 nm. ) or with 
4 f 4 '-dithiodipyridine to release thiopyridone (detected at 
O.D. 324) . Protease activity directed to particular peptide 
linkages is determined by the use of various substrates. 
For example, the following commercially available or 
synthesized substrates allow determination of most serine 
protease specificities: BOC-Ala-Ala-Met-SBzl (Met-ase 
activity) ; Suc-Phe-Leu-Phe-SBzl (chymase activity) ; 
Z- Arq -SBzl (tryptase activity) ; and BOC-Aia-Ala-As£-SBzl 
(Asp-ase activity) (Boehringer Mannheim, Indianapolis, IN). 
Typically these assays are done by kinetic measurement of 
substrate hydrolysis (as an increase in O.D. due to the 
leaving group reacting with DTNB- or dithiopyridine) , either 
on a spectrophotometer or microplate reader. 

In one particular example, for BLT esterase 
activity, 50 ill of sample is added to 100 /il of 1 mM DTNB, 
made in 10 mM HEPES, and l mM CaCl 2 , 1 mM MgCl 2 , pH 7.2. 
The reaction is initiated by the addition of 50 jul of BLT to 
a final concentration of 500 juM. The rate of hydrolysis is 
measured by an increase of O.D. at 410 nm. As controls, 



sample and DTNB alone or sample and substrate alone are also 
run. Other activities are similarly determined under buffer 
conditions optimal for those activities (Smyrh et al. , J, 
Biol, Chem. 2 67 f24418-24425 , 1992). Using this approach, 
NES1 protease activity and specificity are determined. 

As a protease, NES1 is used in accordance with any 
..standard protease technique. For example, NES1 may be used 
to cleave a polypeptide in preparation for protein 
microsequencing or may be used to specifically cleave a 
fusion protein to release a polypeptide of interest. 
Identif icarion and Administration of Molecules that Modulate 
MES1 Prorein Expression 

Isolation of the NES1 cDNA also facilitates the 
identification of molecules which increase or decrease NES1 
expression. According to one approach, candidate molecules 
are added at varying concentrations to the culture medium of 
cells expressing NES1 mRNA. NES1 expression is then 
measured, for example, by standard Norrhern blot analysis 
(Ausubel et al. , supra ) using a NES1 cDNA (or cDNA fragment) 
as a hybridization probe. The level of NES1 expression in 
the presence of the candidate molecule is compared to the 
level measured for the same cells in the same culture medium 
but in the absence of the candidate molecule. 

If desired, the effecr of candidate modulators on 
expression may, in the alternative, be measured at the level 
of NES1 protein production using the same general approach 
and standard immunological detection techniques, such as 
Western blotting or immunoprecipitation with a NESl-specif ic 
antibody (for example, the NES1 antibody described herein). 

Candidate modulators may be purified (or 
substantially purified) molecules or may be one component of 
a mixture of compounds (e.g., an extract or supernatant 
obtained from cells; Ausubel et al., supra ) . In a mixed 



compound assay, NES1 expression is tested against 
progressively smaller subsets of the candidate compound pool 
(e.g., produced by srandard purification techniques, e.g., 
HPLC or FPLC) until a single compound or minimal compound 
mixture is demonstrated to modulate NES1 expression. 

Alternatively, or in addition, candidate compounds 
loay be screened for those which modulate NES1 protease 
activity. In this approach, protease activity in the 
presence of a candidate compound is compared to protease 
activity in its absence, under equivalent conditions. 
Again, such a screen may begin with a pool of candidate 
compounds, from which one or more useful modulator compounds 
are isolated in a step-wise fashion. Protease activity may 
be measured by any standard assay, for example, those 
described herein. 

Candidate NES1 modulators include peptide as well as 
non-peptide molecules (e.g., peptide or non-peptide 
molecules found, e.g., in a cell extract, mammalian serum, 
or growth medium on which mammalian cells have been 
cultured) . Particularly useful modulators of NES1 
expression include tumor promoters, for example, those 
acting through a protein kinase c pathway (for example, 
physiological activator diacylgiycerol) , differentiation 
agents (for example, retinoic acid, estradiol, di-butyryi 
cyclic AMP, and f orskolin) , and cytokines (for example, 
TGF/3 , TNF, and IL-1) . 

A molecule which promotes an increase in NES1 
expression or NES1 protease activity is considered 
particularly useful in the invention; such a molecule may be 
used, for example, as a therapeutic to increase cellular 
levels of NES1 and thereby exploit NESl's protective anti- 
cancer effects. 



a 
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Modulators found to be effective at the level of 
NES1 expression or activity may be confirmed as useful in 
animal models and, if successful, may be used as anti-cancer 
therapeutics • - 
5 A NES1 modulator may be administered with a 

pharmaceutically-acceptable diluent, carrier, or excipient, 
^ ^ in- unit dosage form. Conventional pharmaceutical practice 
may be employed to provide suitable formulations or 
compositions to administer NES1 to patients suffering from 
10 or presymptomatic for a NESl-associated carcinoma. Any 
appropriate route of administration may be employed, for 
example , parenteral , intravenous , subcutaneous , 
intramuscular , intracranial , intraorbital , ophthalmic , 
intraventricular , intracapsular , intraspinal , 
15 intracisternal, intraperitoneal, intranasal, aerosol, or 

oral administration. Therapeutic formulations may be in the 
form of liquid solutions or suspensions; for oral 
administration, formulations may be in the form of tablets 
or capsules; and for intranasal formulations, in the form of 



M 20 powders, nasal drops, or aerosols. 

jjjjf Methods well known in the art for making 

U formulations are found in, for example, ''Remington's 

Pharmaceutical Sciences." Formulations for parenteral 
administration may, for example, contain excipients, sterile 
25 water, or saline, polyalkylene glycols such as polyethylene 
glycol, oils of vegetable origin, or hydrogenated 
napthalenes. Biocompatible, biodegradable lactide polymer, 
lactide/glycolide copolymer, or polyoxyethylene- 
polyoxypropylene copolymers may be used to control the 
3 0 release of the compounds. Other potentially useful 

parenteral delivery systems for NES1 modulatory compounds 
include ethylene- vinyl acetate copolymer particles, osmotic 
pumps, implantable infusion systems, and liposomes. 
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Formulations for inhalation may contain excipients, for 
example , lactose, or may be aqueous solutions containing, 
for example, polyoxyethylene-9-lauryl ether , glycocholate 
and deoxycho later, - or may be oily solutions for 
administration in the form of nasal drops, or as a gel. 

If desired, treatment with a NES1 modulatory 
^compound may be combined with more traditional cancer 
therapies such as surgery, radiation, or chemotherapy. 
Detection of A Malignant Condition 

NES1 polypeptides and nucleic acid sequences find 
diagnostic use in the detection or monitoring of cancerous 
conditions. In particular, because NE51 is involved in the 
control of cell division and because the absence of NES1 
correlates with the development of carcinomas in humans, a 
decrease in the level of NES1 production provides an 
indication of a malignant or pre-malignant condition. 
Levels of NES1 expression may be assayed by any standard 
technique. For example, its expression in a biological 
sample (e.g., a biopsy) may be monitored by standard 
Northern blot analysis or may be aided by PCR (see, e.g., 
Ausubel et al. , supra : PCR Technology: Principles and 
Applications for DNA Amplification , ed. , H.A. Ehrlich, 
Stockton Press, NY; and Yap and McGee, Nucl. Acids. Res. 
19:4294, 1991) . 

Alternatively, a patient sample may be analyzed for 
one or more mutations in the NES1 sequence using a mismatch 
detection approach. Generally, these techniques involve PCR 
amplification of nucleic acid from the patient sample, 
followed by identification of the mutation (i.e., mismatch) 
by either altered hybridization, aberrant electrophoretic 
gel migration, binding or cleavage mediated by mismatch 
binding proteins, or direct nucleic acid sequencing. Any of 
these techniques may be used to facilitate mutant NES1 
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detection , and each is well known in the art; examples of 
particular techniques are described, without limitation, in 
Orita et al. , Proc. Natl. Acad. Sci. USA 86:2766-2770, 1989; 
and Sheffield efal\, Proc. Natl. Acad. Sci. USA 86:222-236, 
1989) . 

In yet another approach, immunoassays are used to 
„ ^detect or monitor NES1 protein in a biological sample. 
NESl-specif ic polyclonal or monoclonal antibodies (produced 
as described above) may be used in any standard immunoassay 
format (e.g., ELISA f Western blot, or RIA assay) to measure 
NES1 polypeptide levels; again comparison is to wild-type 
tfESl levels, and a decrease in NES1 production is indicative 
of a malignant condition. Examples of immunoassays are 
described, e.g., in Ausubel et al. , supra . 

Immunohistochemical techniques may also be utilized for NES1 
detection. For example, a tissue sample may be obtained 
from a patient, and a section stained for the presence of 
NES1 using an anti-NESl antibody and any standard detection 
system (e.g. f one which includes a secondary antibody 
conjugated to horseradish peroxidase) . General guidance 
regarding such techniques can be found in, e.g., Bancroft 
and Stevens ( Theory and Practice of Histological Techniques , 
Churchill Livingstone, 1982) and Ausubel et al. ( supra ) . 

In one preferred example, a combined diagnostic 
method may be employed that begins with an evaluation of 
NES1 protein production (for example, by immunological 
techniques) and also includes a nucleic acid-based detection 
technique designed to identify more subtle NES1 mutations 
(for example, point mutations). As described above, a 
number of mismatch detection assays are available to those 
skilled in the art, and any preferred technique may be used 
(see above). By this approach, mutations in NES1 may be 
detected that either result in loss of NES1 expression or 



loss of NES1 biological activity. In a variation of this 
combined diagnostic method, NES1 biological activity is 
measured as protease activity using any appropriate protease 
assay system (for- example, those described above) . 

Mismatch detecrion assays also provide the 
opportunity to diagnose a NESl-mediated predisposition to 
;carcinomas. For example, a patient heterozygous for NES1 
may show no clinical symptoms and yet possess a higher than 
normal probability of developing one or more types of 
carcinomas. Given this diagnosis, a patient may take 
precautions to minimize their exposure to adverse 
environmental factors (for example, to reduce exposure to 
radiation) and to carefully monitor their medical condition 
(for example, through frequent physical examinations). This 
type of NES1 diagnostic approach may also be used to detect 
NES1 mutations in prenatal screens. 

The NES1 diagnostic assays described above may be 
carried out using any biological sample (for example, any 
biopsy sample or bodily fluid or tissue) in which NES1 is 
normally expressed (for example, the breast or cervix). 
Identification of a mutant NES1 gene may also be assayed 
using these sources for test samples. Alternatively, a NES1 
mutation, particularly as part of a diagnosis for 
predisposition to NESl-associated malignancies, may be 
tested using a DNA sample from any cell, for example, by 
mismatch detection techniques; preferably, the DNA sample is 
subjected to PCR amplification prior to analysis. 
Identification of the Subcellular Location of Cell Cvcle 
Control Proteins 

The NES1 polypeptide is also useful for identifying 
that compartment of a mammalian cell where important cell 
division control functions occur. Antibodies specific for 
NES1 may be produced as described above. The normal 



subcellular location of the protein is then determined 
either in situ or using fractionated cells by any standard 
immunological or iinmunohistochemical procedure (see, e.g., 
Ausubel et al., supra ; Bancroft and Stevens, Theory and 
5 Practice of Histological Techniques , Churchill Livingstone, 
1982) . 

Z: " ^ ^ NgSl Tfterapy 

Because expression of NES1 correlates with proper 
human epithelial cell division, the NESl gene also finds use 
10 in anti-cancer gene therapy. In particular, to cure a NESl- 
deficient carcinoma cell, a functional NESl gene may be 

U introduced into cells at the site of a tumor. 

O 

q Retroviral vectors, adenoviral vectors, adeno- 

p J associated viral vectors, or other viral vectors with the 

Lj 15 appropriate tropism for NESl-expressing cells (for example, 
0] epithelial cells) may be used as a gene transfer delivery 

system for a therapeutic NESl gene construct. Numerous 
H vectors useful for this purpose are generally known (Miller, 

Human Gene Therapy 15-14, 1990; Friedman, Science 244:1275- 
flj 20 1281, 1989; Eglitis and Anderson, BioTechniques 6:608-614, 
3 1988; Tolstoshev and Anderson, Current Opinion in 

Biotechnology 1:55-61, 1990; Sharp, The Lancet 337:1277- 
1278, 1991; Cornetta et ai. , Nucleic Acid Research and 
Molecular Biology 36:311-322, 1987; Anderson, Science 
25 226:401-409, 1984; Moen, 31ood Cells 17:407-416, 1991; and 
Miller and Rosman, 3iotechniques 7:980-990, 1989; Le Gal La 
Salle et al. r Science 259:988-990, 1993; and Johnson, Chest 
107:77S-83S, 1995). Retroviral vectors are particularly 
well developed and have been used in clinical settings 
30 (Rosenberg et al. , N. Engl. J. Med 323:370, 1990; Anderson 
et al., U.S. Pat. No. 5,399,346). 

Non-viral approaches may also be employed for the 
introduction of therapeutic DNA into malignant cells. For 
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example, NES1 may be introduced into a carcinoma cell by the 
techniques of lipofecricn (Feigner al., Proc. Natl. Acad. 
Sci. USA 84:7413, 1987? Ono et al., Neuroscience Lett 
117:259, 1990; Brigham et al. , Am. J. Med. Sci. 298:278, 
1989; Staubinger and Papahadjopoulos , Meth. Enz. 101:512, 
1983) ; asialorosonucoid-poly lysine conjugation (Wu and Wu, 
-Biol. Chem. 263:14621, 1988; Wu ec al. , J. Biol. Chem. 

** . 

264:16985, 1989); or, less preferably, microinjection under 
surgical conditions (Wolff et al., Science 247:1465, 1990). 

For any of the above approaches, the therapeutic 
NES1 DNA construcr is preferably applied to the site of the 
malignancy (for example, by injection) , but may also be 
applied to tissue in the vicinity of the malignancy or even 
to a blood vessel supplying the malignancy. 

In the gene therapy constructs, NES1 cDNA expression 
is directed from any suitable promoter (e.g., the human 
cytomegalovirus, simian virus 40, or metallothionein 
promoters) , and its production is regulated by any desired 
mammalian regulatory element. For example, if desired, 
enhancers known to direct preferential gene expression in 
epithelial cells may be used to direcr NES1 expression. 
Such enhancers include, v/ithout limitation, the keratin or 
casein enhancers which are particularly useful for breast 
cell NES1 expression. 

Alternatively , if a NES1 genomic clone is utilized 
as a therapeutic construct (for example, following its 
isolation by hybridization with the NES1 cDNA described 
above) , NES1 expression is regulated by its cognate 
regulatory sequences or, if desired, by regulatory sequences 
derived from a heterologous source, e.g., any of the 
promoters or regulatory elements described above. 

Less preferably, NES1 gene therapy is accomplished 
by direct administration of the NES1 mRNA to a malignancy. 



This mRNA may be produced and isolated by any standard 
technique, but is most readily produced by in vitro 
transcription using a NESi cDNA under rhe control of a high 
efficiency promoter* (e.g., the T7 promoter). Administration 
5 of NESI mRNA to malignant cells is carried out by any of the 
methods for direct nucleic acid administration described 
above . 

Ideally, the production of NESI protein by any gene 
therapeutic approach described above results in a cellular 
10 level of NESI that is at least equivalent to the normal, 
cellular level of NESI in an unaffected individual, 
t; Treatment by any NESl-mediated gene therapy approach may be 

p combined with more traditional cancer therapies such as 

surgery, radiation, or chemotherapy, 
y 15 Another therapeutic approach included within the 

CP invention involves direct administration of recombinant NESI 

protein, either to the site of a malignancy (for example, by 
M injection) or systemically by any conventional recombinant 

; u protein administration technique. The actual dosage of NESI 

hy 20 depends on a number of factors, including the size and 
Q health of the individual patient, but, generally, between 

O.lmg and lOOmg inclusive are administered per day to an 
adult in any pharmaceutically-acceptable formulation. 
Preventive Carcinoma Therapy 
25 In a patient diagnosed to be heterozygous for NESI 

or to be susceptible to NESI mutations (even if those 
mutations do not yet result in loss of NESI biological 
activity) , any of the above therapies may be administered 
before the occurrence of a malignancy. In particular, 
3 0 compounds shown to increase NESI expression or NESI 

biological activity may be administered by any standard 
dosage and route of administration (see above) . 
Alternatively, gene therapy using a NESI expression 
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construct may be undertaken to reverse the cell defect prior 
to the development of additional NES1 nutations. 

The methods of the instant invention may be used to 
reduce or diagnose the disorders described herein in any 
.. 5 mammal, for example, humans, domestic pets, or livestock. 
^ -Where a non-human mammal is treated or diagnosed, the NES1 
polypeptide, nucleic acid, or antibody employed is 
preferably specific for that species. 

Other Embodiments 

10 In other embodiments, the invention includes any 

protein which is substantially identical to a human NES1 
polypeptide (Fig. 10; SEQ ID NO:l); such homologs include 
other substantially pure naturally-occurring mammalian NES1 
proteins as well as allelic variants; natural mutants; 

15 induced mutants; proteins encoded by DNA that hybridizes to 
the NES1 DNA sequence of Fig. 11 (SEQ ID NO: 2) under high 
stringency conditions or, less preferably , under low 
stringency conditions (e.g., washing at 2X SSC at 40°C with 
a probe length of at least 40 nucleotides) ; and proteins 

20 specifically bound by antisera directed to a NES1 

polypeptide. The term also includes chimeric polypeptides 
that include a NES1 portion. 

The invention further includes analogs of any 
naturally-occurring NES1 polypeptide. Analogs can differ 

25 from the naturally-occurring NES1 protein by amino acid 

sequence differences, by post-translational modifications, 
or by both. Analogs of the invention will generally exhibit 
at least 85% , more preferably 90%, and most preferably 95% 
or even 99% identity with ail or part of a naturally- 

3 0 occurring NES1 amino acid sequence. The length of sequence 
comparison is at least 15 amino acid residues, preferably at 
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least 25 amino acid residues, and more preferably more than 
35 amino acid residues. Modifications include in vivo and 
in vitro chemical derivatization of polypeptides, e*g., 
acetylation, carboxylation, phosphorylation , or 
glycosylation; such modifications may occur during 
polypeptide synthesis or processing or following treatment 
b with isolated modifying enzymes. Analogs can also differ 
from the naturally-occurring NES1 polypeptide by alterations 
in primary sequence. These include genetic variants, both 
natural and induced (for example, resulting from random 
mutagenesis by irradiation or exposure to 
ethanemethylsulf ate or by site-specific mutagenesis as 
described in Sambrook, Fritsch and Maniatis, Molecular 
Cloning; A Laboratory Manual (2d ed.), CSH Press, 1989, or 
Ausubel et al. , supra ) . Also included are cyclized 
peptides, molecules, and analogs which contain residues 
other than L-amino acids, e.g., D-amino acids or non- 
naturally occurring or synthetic amino acids, e.g., ft or y 
amino acids. 

In addition to full-length polypeptides, the 
invention also includes NES1 polypeptide fragments. As used 
herein, the term "fragment, " means at least 20 contiguous 
amino acids, preferably at least 2 0 contiguous amino acids, 
more preferably at least 50 contiguous amino acids, and most 
preferably at least 60 to 80 or more contiguous amino acids. 
Fragments of NES1 polypeptides can be generated by methods 
known to those skilled in the art or may result from normal 
protein processing (e.g., removal of amino acids from the 
nascent polypeptide that are not required for biological 
activity or removal of amino acids by alternative mRNA 
splicing or alternative protein processing events) . 

Preferable fragments or analogs according to the 
invention are those which facilitate specific detection of a 

- 42 - 



NES1 nucleic acid or amino acid sequence in a sample to be 
diagnosed. Particularly useful NES1 fragments for this 
purpose include, without: limitation, amino acids 1-48 and 
amino acids I20-<136~of Fig. 10; SEQ ID NO: 1. Preferable 
fragments also include those fragirtenrs which facilitate 
NESl-mediated proteolysis of target peptides, for example, 
fragments encompassing the catalytic triad important for 
substrate binding; these fragments include, without 
limitation, amino acids 86-245 and amino acids 42-245 of 
Fig, 10 • 

All publications and patent applications mentioned 
in this specification are herein incorporated by reference 
to the same extent as if each independent publication or 
patent application was specifically and individually 
indicated to be incorporated by reference. 

Other embodiments are within the following claims. 



What is claimed is: 



